Pollen assemblages and their environmental correlates during the past 200 years inferred from sediments records in a shallow lake  by Guo, T. et al.
Procedia Environmental Sciences 13 (2012) 363 – 376
1878-0296 © 2011 Published by Elsevier B.V. Selection and/or peer-review under responsibility of School of Environment, Beijing Normal University.
doi:10.1016/j.proenv.2012.01.034
Available online at www.sciencedirect.com
 
 
Procedia 
Environmental 
Sciences 
Procedia Environmental Sciences  8 (2011) 363–376 
www.elsevier.com/locate/procedia 
 
 
The 18th Biennial Conference of International Society for Ecological Modelling 
 
Pollen assemblages and their environmental correlates 
during the past 200 years inferred from sediments records in 
a shallow lake 
 
T. Guo, Z. F. Yang*, H. Chen1 
 
School of Environment, Beijing Normal University, 
State Key Laboratory of Water Environment Simulation, Beijing 100875, P. R. China 
 
 
Abstract 
Pollen profiles based on sediments taken from Baiyangdian Lake were used to analyze vegetation type alternation 
during the past 200 years. The pollen record suggests changes occur during two different time frames. The period 
before 1863 showed that the climate was dry and the lake was in its adolescence, thereafter the climate turned wet 
and temperate. Pollen diversity, which is largely influenced by water transportation, shows that the water surface 
area of Baiyangdian has been shrinking. Analysis of the historical pollen-environment correlation showed LOI, 
C/N and silt content play more essential roles on pollen assemblages than other sediment parameters through RDA 
(redundancy analysis) ordination method. Meanwhile CCA (Canonical Correspondence Analysis) analysis 
demonstrated that water level has a closer relationship with aquatic herbaceous pollen, such as Myriophyllum and 
Phragmites; however, temperature is coincident with tree pollen. The richness of pollen assemblages, compared 
with evenness, is more likely to be affected by fluctuations of water level and temperature. Furthermore, in 
Baiyangdian Lake, precipitation tends to be more abundant when extreme temperature becomes lower annually.  
 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
Lake sediments, which are continually deposited, are supposed to indicate natural background 
conditions and environmental changes of a lake [1]. Pollen, as the record of historical vegetation, is 
saved in lake sediments, reflecting mostly the vegetation from around the lake and in lake itself [2]. 
Through pollen assemblages, the historical plant types and environmental indicators can be 
reconstructed quantitatively [3]. So far pollen-grain size [4], pollen-organic matter and trace elements 
[5], and pollen-water level [6] have been described by regression analysis and comparison methods. 
Certain taxa are sensitive to factors such as lake water pH, nutrients and turbidity [7]. Reconstruction of 
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past environmental conditions requires understanding the relationship between pollen assemblages and 
the environment that they originated from [8]. However, little is known about the relationship between 
pollen of vegetation type and the multi-parameters of sediment across history. 
Baiyangdian is a famous natural wetland that boasts 39 species of aquatic plants, in addition to many 
territorial plants. Shen applied CCA (Canonical Correspondence Analysis) modeling to analyze 
environmental factors and phytoplankton data, and acquired species-environment two dimensional 
ordination diagrams [9]. Tian  made an investigation of pollen flux and sources of surface water in 
Baiyangdian to differentiate the effects of wind power transmission and water transportation on pollen 
[10]. In the meantime, RDA (redundancy analysis) modeling has also obtained widespread use in lake 
sediment; Odgaard used redundancy analysis to explore the transformation means for charred particles 
and pollen of sediment [11]. RDA was also used to analyze the relationship between land use and 
pollen taxa in small lakes [12].  
In this paper, CCA and RDA models are applied to the data to demonstrate the relationship between 
pollen assemblages and environmental variables. The diversity of pollen assemblages in sediment is 
also discussed to analyze the disparity of sampling sites and the response of the lacustrine system. 
Moreover, since the middle twentieth century, hydraulic projects have intensified effects on plant 
habitat and changed the ecosystem of Baiyangdian to some extent. The results of this study will have a 
significant impact on our understanding of plant assemblages and historical environmental change. It 
will improve our awareness of the importance protecting plant species in the current region. 
2. Materials and Method 
2.1 Site description 
Baiyangdian is the largest freshwater lake in North China and is made up of 3700 channels and 0.8 
hm2 of reed fields. Sonoda and villages embedded in the lake occupy about half of the total area. 
Baiyangdian is located in the temperate continental monsoon climate zone, with the average annual 
temperature from 6.8 ˚C to 12.7 ˚C. The vegetation in the area is mostly planted crops such as Triticum 
and Zea. Arbor such as Polulus, Salix, Ulmus, Sophora and Ailanthus mainly originates from towns and 
villages. Large area of terraces distributes within lake, with lush growth of Phragmites. There also exist 
Typha, Myriophyllum, Nelumbo, Nymphoides and Potamogeton [13]. Based on the taxa diversity of 
historical periods, it is worthwhile to study historical pollen assemblages and environmental correlates. 
 
Fig.1 Location of Baiyangdian Lake and Sampling Sites 
365T. Guo et al. / Procedia Environmental Sciences 13 (2012) 363 – 376T. Guo et al/ Procedia Environmental Sciences 8 (2011) 363–376 365 
 
2.2 Sediment core and pollen analysis 
Four sediment cores with a depth of 34cm, which is situated at CPT, DTZ,ZLZ, SCD, were drilled in 
Baiyangdian Lake (Fig.1) with a BEEKER sediment sampler in winter while the lake surface had a thin 
layer of ice. Two months later a long core with length of 80cm in CPT was collected. Samples were 
preserved in sealed clean plastic bags at low temperature (-4˚C). Sediments were prepared for pollen 
analysis by freeze-drying. The identified taxa consist of forest, aquatic taxa and fern spores, with small 
amount of algae. Time scales were constructed with the TILIA program [14]. The software R, Primer5 
was also used to explore the correlation of sediment parameters and analyze diversity of pollen 
assemblages.  
2.3 Age dating and sediment parameters 
Roots were removed, and the samples were dated by 210Pb and 137Cs at the Institute of Geology and 
geophysics, Chinese Academy of Sciences. The 210Pb ages were calculated with a simple 210Pb 
chronology method based on the correlation of 210Pbtot, 210Pbsup and 210Pbex [15], and 137Cs 
chronology method mainly validated this result. 210Pb and 137Cs are usually used for the dating of lake 
sediments within the last hundred years [16], so it is possible to determine the history of recent hundred 
years in Baiyangdian Lake. The results of the isotope dating were calibrated through nuclear test events 
[17] and fitting coefficient of distribution curves. 
Samples for analysis of sediment parameters were taken every 2cm at depths. To analyze organic 
matter content in the sediment core, Loss-on-Ignition (LOI) of samples was measured after heating to 
550 ˚C (1h), conductivity was evaluated using a symphony meter, measurements of pH with soil/water 
ratio of 1:2.5 required approximately 30 seconds to stabilize [18] and C/N ratio of organic matter was 
calculated. Winner 2008 laser particle size analyzer was used to determine grain size of sediments; Silt 
(2-20µm) and Sand (20-200µm) size ranges were set. All parameters proceeded through parallel 
analysis.  
2.4 Analysis of environmental correlations 
To establish the correlation between pollen assemblages and sediment parameters, several ordination 
methods were applied. DCA (detrended correspondence analysis) is based on averaging and rearranged 
data in low-dimensional space [19]. Taxa that are present in 0 or lower than 1% of most samples are 
excluded [20]. DCA is mainly performed to determine the gradient length of the first ordination axis of 
species turnover. It is helpful to take into account the environmental data which will not affect the 
species and samples ordination. RDA (redundancy analysis) is a linear ordination method where the 
gradient length of the first axis is short [21]. CCA (Canonical Correspondence Analysis) ordination 
plots not only display composition of the pollen assemblages but also the patterns of average weighted 
pollen taxa correlated to environmental variables [22]. Operations were mainly performed on 
CANOCO 4.5 software. 
3. Results and Discussion 
3.1 Comparison of core sediments and dating 
Due to the intricate ecosystem in Baiyangdian Lake, it is necessary to ensure sediment cores have 
comparatively low disturbance. We found that the silt content of SCD was lower than the other three 
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sites below 14cm (Fig. 2). Grain size tends to become finer in stable lakes, and the transition from silt 
mode to sand mode indicates intense transportation partly by river fluvial [23]. Geomorphology 
showed that SCD was the entrance of Baigouyin River which has since dried up, while the other three 
sites were far from the river. The silt content in ZLZ and DTZ indicated an oscillation state compared 
with the constant change in CPT, which implied an inversion between layers. An abrupt decrease in the 
LOI value occurred at 12cm due to the obvious decomposition of organic matter. For the upper layers, 
the LOI values of ZLZ, DTZ and SCD changed irregularly, however, the value for CPT was relatively 
constant. Water level fluctuations might result in disorderly sediment sorting, meanwhile the constancy 
of the LOI value suggested homogeneity of both source material and depositional environment [24]. In 
Baiyangdian, the hydro-project established upstream of ZLZ has caused major turbidity, and DTZ is a 
main boat channel suggesting wave likely disturbed the sediment deposition to some extent. Therefore, 
the core sediment in CPT was particularly beneficial to analyze the long-term scale in Baiyangdian 
Lake. It can be relatively accurate to obtain a date through 210Pb dating, verified by the 137Cs dating; the 
age of the sediment was 1827-2008 which was confirmed by recent research [25].  
 
Fig. 2 LOI values and Silt content of core sediments are shown across the depth of each sample 
3.2 Analysis of pollen abundance 
The pollen assemblage of the four profiles was nearly the same (Fig. 3). Herbs took up a significant 
proportion, arbors second; shrubs (trees composed of arbors and shrubs) and ferns were least abundant. 
The arbors, in particular Pinus, Betula, Juglans, Carpinus, Quercus, Celtis, and Tilia were likely moved 
from Western Mountain via the wind or river; Populus, Salix, Ulmus, and Ailanthus might be from the 
periphery and the villages embedded in Baiyangdian. The herbs, including Myriophyllum, Typha, 
Cyperaceae, Polygonum, and Humulus belong to the aquatic plants of Lake; Grass Poaceae was mostly 
from reeds [10]. There was some disparity between sites. In SCD, a decrease in Myriophyllum pollen 
which correlates to water level indicated a reduction in the water area, while in ZLZ, an increase in 
Myriophyllum and Typha pollens implied an expansion of the water area. In general, water level 
fluctuations influenced aquatic pollen production, and monitoring data on water level at different sites 
in Baiyangdian Lake showed diverse character. Higher average water level of the whole lake 
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corresponds to larger water area. The concentration of Myriophyllum in CPT and DTZ was greater than 
at the other two sites, which demonstrated that aquatic pollen was more likely to occur at a central 
location when the lake was shallow [7]. Further, Pinus pollen gradually increased, correlating to the 
reduction of Myriophyllum pollen (Fig. 3). Cereal crops were rich in Baiyangdian, which was reflected 
by the Poaceae pollen that originated from domesticated corn and wheat. In DTZ and ZLZ, the pollen 
concentration of the upper layer was clearly denser than the concentration in the lower layer, which, 
however, was the opposite of the trend in SCD and CPT. Previously the water area of Baiyangdian was 
quite large at the periphery, while the lake area appeared to collapse towards the center in modern days. 
 
Fig. 3 A pollen diagram indicating the abundance of taxa in core sediments. The thickness of the first two layers was 12cm while 
the third layer was 10cm. 
 
Pollen diversity was evaluated by species richness and evenness. Fossils of plants can reflect the 
biodiversity in both spatial and temporal scales, although evenness also affected taxa richness to some 
extent [26].  
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On the upper layer, DTZ and ZLZ had richer taxa than other two sites, as opposed to the third layer 
where diversity of SCD showed significantly greater richness (Fig. 4). This suggested that water 
currents played an important role in taxa richness. The taxa of DTZ tended to increase closer to the 
surface, while the richness of SCD showed the reverse trend. Water currents in the surrounding areas 
368  T. Guo et al. / Procedia Environmental Sciences 13 (2012) 363 – 376368 T. Guo et al/ Procedia Environmental Sciences 8 (2011) 363–376 
 
are not as active as that in history due to diminishment of the input rivers. Changes in the diversity of 
fossilized pollen can show historical plant diversity [27]. Bos found that pollen from the cores can 
reflect local plant development by analyzing several cores along transects from the lake shore to the 
center [28]. The richness of the second layer was relatively low, which implied that in this period plant 
growth might have been poor, yet evenness of pollen was high (Value of complete evenness is 1). 
During the time period corresponding to the third layer, plants were distributed evenly in the whole 
lake. However, for the upper two layers, the situation changed, suggesting the variable water area, 
which may have influenced the distribution of vegetation.  
 
Fig. 4 Richness analysis of pollen assemblages 
 
Table 1 Evenness analysis of pollen assemblages 
Site 
Depth (cm)    
DTZ SCD ZLZ CPT 
24-34 0.77 0.778 0.788 0.783 
12-24 0.691  0.794  0.726  0.712 
0-12 0.789  0.720  0.750  0.798 
3.3 Pollen assemblages in past 200 years 
Lacustrine sediments are characterized by aquatic pollen and high pollen concentrations. Pollen 
assemblages in the North China are mainly taken up by herbs [29]. Long core sediment showed that 
pollen assemblages can be divided into two sections from the percentage diagram (Fig. 5). Ⅰ(80-50cm, 
1827-1868): Herbaceous plant such as Artemisia, Chenopodiaceae, and Ranunculaceae were the main 
species, of which the content of Artemisia ranged from 19.2% to 46.9%. At the bottom of this section 
(1-1), the percentage of Ranunculaceae reached to 52.6%, however, woody plants took a smaller share, 
being 0.4-23.1% of the content. Meanwhile, the total pollen concentration of this section was relatively 
low. This implied that in this period the climate was dry and basin was in its adolescence. The 
dominant presence of these grassy plants such as Artemisia and Chenopodiaceae indicated cool, dry 
climate [30]. Ⅱ(50-0cm, 1869-2008), in this section, woody plants like Ulmus and Salix obviously 
increased, and Ulmus, Salix usually represent temperate tree pollen types which show up in 
comparatively wet climate [31]. The content of woody plants in most samples was more than 10%. 
Aquatic Herbaceous plants including Myriophyllum, Typha, and Phragmites also went up. Abundant 
aquatic taxa such as Myriophyllum indicate a shallow lake with low water table [32]. Pediastrum 
appeared in this stage; moreover, the pollen concentration of this section was comparatively high. It 
may be speculated in this period that plants grew well and that the climate was wetter, especially during 
the time indicated by the middle section (2-2). In the lower part of the core, pollen concentration may 
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be influenced by decomposition effect. Through DCA analysis, the first two axes explained 52.9% of 
species data, and the max gradient of four axes was 1.853, which indicated it was appropriate to use a 
linear model for further analysis. We classified pollen assemblages into woody plants, aquatic 
herbaceous plants, terrestrial plants and ferns (Fig. 6), and these results indicated that while the first 
three categories overlapped there is no overlap of ferns group, which demonstrated that the 
inter-species influence was relatively obvious. Pollen taxa of some vegetation types overlapped because 
of the considerable similarity between vegetation [20].  
 
Fig. 5 Pollen stratigraphy (percentage) of the principal pollen taxa in core CPT and the CONISS analysis on species 
 
 
Fig. 6 DCA analysis and classification of pollen taxa 
370  T. Guo et al. / Procedia Environmental Sciences 13 (2012) 363 – 376
370 T. Guo et al/ Procedia Environmental Sciences 8 (2011) 363–376 
 
3.4 Relationship between pollen assemblages and sediment parameters 
Monte Carlo permutation tests indicated that pH and Cond (Conductivity) had less significant 
correlations to pollen assemblages compared to other parameters. Species-environment correlations of 
the first and second axes are 0.779 and 0.710 respectively, the first axis can explain 38.8% of the 
species data (Table 2). Coefficients of LOI and silt content with SPEC AX1 are 0.344 and 0.293 
respectively, and C/N with SPEC AX2 is 0.564. C/N [33] can distinguish lake material from 
surrounding waterways or territory. If the ratio exceeds 20, then the material came from a terrestrial 
plant, while ratios below 15 indicate the material likely derived from aquatic algae. On the upper layers 
of sediment (38-0cm), the C/N ratio is less than 15 in contrast with deeper layers (80-38cm) which had 
a C/N ratio of more than 20 (Fig.7). Herbaceous plants such as Artemisia and Chenopodiaceae have a 
close relationship with the C/N ratio (Fig.8), because these plants usually distributes around lake and 
can be easily transported into lake via wind or runoff; however woody plants contributes less to the 
C/N ratio as a result of the limitations of distance and quantity. The LOI value showed complex 
relationship with pollen assemblages, particularly positive correlation with the pollen of aquatic plants 
such as Phragmites, Myriophyllum and Cyperaceae. The LOI value correlated with organic matter 
sometimes, and aquatic plants can reflect lake productivity largely [34]. Simultaneously the pollen of 
some trees also showed a response to LOI, which may indicate diverse sources of organic material is 
diverse in Baiyangdian Lake. Comparatively, silt content has a greater link to woody pollens such as 
Ulmus and Ostryopsis, and small algae, like Pediastrum, also respond positively to silt content. In the 
lower part of the core, sediment was mainly composed of brown yellow silt and sand. Brown yellow 
silt usually corresponded to low pollen concentration [35]. Silt content from lake sediment can be used 
to identify the intensity of current flows, and the silt/sand ratio can reflect water turbidity [36]. Pearson 
correlation analysis indicated that silt content and the silt/sand ratio of the sediment were highly related. 
Further, the silt/sand ratio can be divided into four sections: for 80-70cm and 42-12cm, the value was 
more than 1; for 70-42cm and 12-0cm, value was less than 1, which indicates that the sediment 
medium was disturbed continuously during the past 200 years. This result provides the historical 
conditions of water currents directly.   
 
Fig. 7 C/N, LOI and silt/sand ratio parameters for the depth of sediment cores 
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Table 2 Summary on analysis of pollen assemblages and sediment parameters 
Axes 1 2 3 4 
Eigenvalues 0.388 0.072 0.017 0.006 
Species-environment 
correlations 
0.779 0.710 0.629 0.509 
Cumulative percentage 
variance of species data 
38.8 46.0 47.7 48.4 
 
 
Fig. 8 RCA analysis of pollen assemblages and sediment parameters 
3.5 Pollen assemblages response to hydrology factors 
Via DCA analysis of the species data corresponding to hydrology factors, the maximum gradient 
length exceeded 4, thus CCA analysis was selected for further analysis. Annual temperatures (˚C) 
within the basin were trending upward steadily between 1954 and 2008 while the mean rainfall 
increased to 548mm [37]. The past 50 years have seen oscillation between extreme temperatures, which 
could increase the amount of annual rainfall (Fig. 9). Higher temperatures usually correspond to greater 
rainfalls, and rainfall may be one influence on water level. Between 1960 and 1970, temperatures were 
frequent partly due to after-effects of the hydraulic projects upstream of the basin. In support of this, 
the species-environment correlation (pollen assemblages and water level) of the first and second axes 
are 0.777 and 0.870 respectively. The third and fourth axes explain 41.7% of species data (Table 3). 
Average water levels can well reflect the growth of aquatic plants, such as Phragmites and 
Elaeagnaceae, and the maximum water levels showed a clear positive relationship with Myriophyllum 
(Fig. 10). Increases in Myriophyllum pollen content indicate deeper lake water [38]. The richness and 
evenness of pollen also correlated with the water level of the lake. The relative abundance of aquatic 
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and semi-aquatic vegetation generally supports changes of the lake water-level [39]. The pollen 
accumulation rate also had some connection with lake morphometric parameters. When the water level 
increased, the pollen assemblages were more likely to accumulate in the deeper areas [6]. Most woody 
pollen types were not affected by water level. The species-environment correlation (pollen assemblages 
and temperature, rainfall) of the first and second axes are 0.974 and 0.963. The fourth axis explains 
40% of species data (Table 4). Rainfall, like water level, explains growth of some aquatic and 
semi-aquatic plants, for example Myriophyllum and Urticaceae, yet is also related to pollen of some 
trees (Fig. 11). Factors, such as minimum and maximum temperature, demonstrate a response in the 
pollen of trees like Pinus, Ulmus (temperate deciduous tree pollen). Changes in temperature are 
responsible for shifts in pollen release especially for trees [40]. The relative abundance of grasses and 
woody plants also corresponded to climate variations. Temperature and rainfall also influenced pollen 
diversity, with a greater influence on richness than evenness. One explanation is that climate has clear 
effect on plant growth especially during flowering, while pollen distribution might be affected by other 
factors, like wind transmission. Pollen-derived rain and temperature data can also indicate historical 
changes in water level at the lake [41]. However, this assumption may be hindered by a dearth of 
recorded data. 
 
Fig.9 Temperature variation, water level and annual rainfall from1959 to 2008 based on recorded data 
 
Table 3 Summary on analysis of pollen assemblages and water level 
Axes 1 2 3 4 
Eigenvalues 0.017 0.009 0.023 0.016 
Species-environment 
correlations 
0.777 0.870 0 0 
Cumulative percentage 
variance of species data 
18.2 27.4 52.2 69.1 
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Table 4 Summary on analysis of pollen assemblages and temperature, rainfall 
Axes 1 2 3 4 
Eigenvalues 0.022 0.013 0.008 0.041 
Species-environment 
correlations 
0.974 0.963 0.802 0 
Cumulative percentage 
variance of species data 
21.5 34.5 42.4 82.4 
 
 
Fig. 10 CCA analysis of pollen assemblages and water level (recorded data from 1919 to 2008) 
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Fig. 11 CCA analysis of pollen assemblages and temperature, rainfall (recorded data from 1959 to 2008) 
tpmax represents max temperature yearly; tpmin represents min temperature yearly; rainfall represents average amount yearly; 
wlmax represents max water level yearly; wlmin represents min water level yearly; and average represents average water level 
yearly. 
4. Conclusion 
Comparisons of the four sediment cores showed that CPT was suitable for long time scale analysis in 
Baiyangdian Lake. This may be because the sediment bed suffered few disturbances over this long time 
frame. The pollen diagram showed that herbs dominated the overall taxa, meanwhile, the evidence 
from pollen diversity supported the idea that when the lake became shallower aquatic herbaceous 
pollen was more likely to accumulate in the deeper, center of the lake, and that total water surface area 
of Baiyangdian has been shrinking. Pollen records during the past 200 years revealed that the climate 
of the local area was dry in the middle of nineteenth century, and then gradually turned wet and 
temperate, a conclusion which relied strongly on the detection of pollen from some wood and aquatic 
herbs. Sediment parameters, such as LOI and C/N, can correlate to pollen of some vegetation types. 
The C/N ratio may respond to Artemisia and Chenopodiaceae pollen distributions around lake, and 
while LOI has a complex relationship with pollen assemblages that which may indicate that the source 
of organic matter was diverse. Silt content was more indicative of woody plant pollens, which may be 
attributed to changeable water transportation throughout the lake’s history. Hydrology factors, which 
greatly influence distributions of pollen taxa, are yet discussed. Water levels did explain some aquatic 
plant and semi-aquatic plant quantities, like Myriophyllum and Urticaceae, and rainfall did as well. 
Shifts in pollen release, especially for trees, were sensitive to temperature; however this was not 
necessarily true for the pollen of aquatic plants. The richness of pollen assemblages, compared with 
evenness, is more dependent on water level and temperature, although both showed a subtle disparity. 
Low temperature had a more direct relationship with rainfall than high temperature, which provides 
indirect evidence that when climate becomes hotter, evaporation determines more than precipitation in 
Baiyangdian Lake. 
Frankly speaking, hydraulic projects to some extent caused extreme temperatures to appear 
frequently from 1960 to 1970. With the water area shrinking and these fluctuations in the climate, 
pollen assemblages related to vegetation type gradually changed. This study suggests that a stable 
lacustrine system may be beneficial to maintaining vegetation diversity. 
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